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MODULAR CPR ASSIST DEVICE 

This application is a continuation of U.S. patent appli 
cation Ser. No. 09/087,299, filed May 29, 1998 now U.S. 
Pat. No. 6,066,106. 

FIELD OF THE INVENTION 

This invention relates to the resuscitation of cardiac arrest 
patients. 

BACKGROUND OF THE INVENTION 

Cardiopulmonary resuscitation (CPR) is a well known 
and valuable method of first aid. CPR is used to resuscitate 
people who have Suffered from cardiac arrest after heart 
attack, electric Shock, chest injury and many other causes. 
During cardiac arrest, the heart Stops pumping blood, and a 
perSon Suffering cardiac arrest will Soon Suffer brain damage 
from lack of blood supply to the brain. Thus, CPR requires 
repetitive chest compression to Squeeze the heart and the 
thoracic cavity to pump blood through the body. Very often, 
the patient is not breathing, and mouth to mouth artificial 
respiration or a bag Valve mask is used to Supply air to the 
lungs while the chest compression pumps blood through the 
body. 

It has been widely noted that CPR and chest compression 
can Save cardiac arrest patients, especially when applied 
immediately after cardiac arrest. Chest compression requires 
that the person providing chest compression repetitively 
push down on the sternum of the patient at 80-100 com 
pressions per minute. CPR and closed chest compression 
can be used anywhere, wherever the cardiac arrest patient is 
Stricken. In the field, away from the hospital, it may be 
accomplished by ill-trained by-Standers or highly trained 
paramedics and ambulance perSonnel. 
When a first aid provider performs chest compression 

well, blood flow in the body is typically about 25-30% of 
normal blood flow. This is enough blood flow to prevent 
brain damage. However, when chest compression is required 
for long periods of time, it is difficult if not impossible to 
maintain adequate compression of the heart and rib cage. 
Even experienced paramedics cannot maintain adequate 
chest compression for more than a few minutes. Hightower, 
et al., Decay. In Quality Of Chest Compressions Over Time, 
26 Ann. Emerg. Med. 300 (Sep. 1995). Thus, long periods 
of CPR, when required, are not often Successful at Sustaining 
or reviving the patient. At the same time, it appears that, if 
chest compression could be adequately maintained, cardiac 
arrest patients could be Sustained for extended periods of 
time. Occasional reports of extended CPR efforts (45–90 
minutes) have been reported, with the patients eventually 
being Saved by coronary bypass Surgery. See Tovar, et al., 
Successful Myocardial Revascularization and Neurologic 
Recovery, 22 Texas Heart J. 271 (1995). 

In efforts to provide better blood flow and increase the 
effectiveness of bystander resuscitation efforts, modifica 
tions of the basic CPR procedure have been proposed and 
used. Of primary concern in relation to the devices and 
methods set forth below are the various mechanical devices 
proposed for use in main operative activity of CPR, namely 
repetitive compression of the thoracic cavity. 

The device shown in Barkolow, Cardiopulmonary Resus 
citator Massager Pad, U.S. Pat. No. 4,570,615 (Feb. 18, 
1986), the commercially available Thumper device, and 
other Such devices, provide continuous automatic closed 
chest compression. Barkolow and others provide a piston 
which is placed over the chest cavity and Supported by an 
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2 
arrangement of beams. The piston is placed over the Sternum 
of a patient and Set to repeatedly push downward on the 
chest under pneumatic power. The patient must first be 
installed into the device, and the height and Stroke length of 
the piston must be adjusted for the patient before use, 
leading to delay in chest compression. Other analogous 
devices provide for hand operated piston action on the 
Sternum. Everette, External Cardiac Compression Device, 
U.S. Pat. No. 5,257,619 (Nov. 2, 1993), for example, pro 
vides a simple chest pad mounted on a pivoting arm Sup 
ported over a patient, which can be used to compress the 
chest by pushing down on the pivoting arm. These devices 
are not clinically more Successful than manual chest com 
pression. See Taylor, et al., External Cardiac Compression, 
A Randomized Comparison of Mechanical and Manual 
Techniques, 240 JAMA 644 (August 1978). 

Other devices for mechanical compression of the chest 
provide a compressing piston which is Secured in place over 
the Sternum Via Vests or Straps around the chest. 
Woudenberg, Cardiopulmonary Resuscitator, U.S. Pat. No. 
4,664,098 (May 12, 1987) shows such a device which is 
powered with an air cylinder. Waide, et al., External Cardiac 
Massage Device, U.S. Pat. No. 5,399,148 (Mar. 21, 1995) 
shows another Such device which is manually operated. In 
another variation of Such devices, a Vest or belt designed for 
placement around the chest is provided with pneumatic 
bladders which are filled to exert compressive forces on the 
chest. Scarberry, Apparatus for Application of PreSSure to a 
Human Body, U.S. Pat. No. 5.222,478 (Jun. 29, 1993) and 
Halperin, Cardiopulmonary Resuscitation and ASSisted Cir 
culation System, U.S. Pat. No. 4,928,674 (May 29, 1990) 
show examples of Such devices. Lach, et al., Resuscitation 
Method and Apparatus, U.S. Pat. No. 4,770,164 (Sep. 13, 
1988) proposed compression of the chest with wide band 
and chocks on either Side of the back, applying a Side-to-side 
clasping action on the chest to compress the chest. 

Several operating parameters must be met in a Successful 
resuscitation device. Chest compression must be accom 
plished vigorously if it is to be effective. Very little of the 
effort exerted in chest compression actually compresses the 
heart and large arteries of the thorax and most of the effort 
goes into deforming the chest and rib cage. The force needed 
to provide effective chest compression createS risk of other 
injuries. It is well known that placement of the hands over 
the Sternum is required to avoid puncture of the heart during 
CPR. Numerous other injuries have been caused by chest 
compression. See Jones and Fletter, Complications After 
Cardiopulmonary Resuscitation, 12 AM. J. Emerg. Med. 
687 (November 1994), which indicates that lacerations of 
the heart, coronary arteries, aortic aneurysm and rupture, 
fractured ribs, lung herniation, Stomach and liver lacerations 
have been caused by CPR. Thus the risk of injury attendant 
to chest compression is high, and clearly may reduce the 
chances of Survival of the patient vis-a-vis a resuscitation 
technique that could avoid those injuries. Chest compression 
will be completely ineffective for very large or obese cardiac 
arrest patients because the chest cannot be compressed 
enough to cause blood flow. Chest compression via pneu 
matic devices is hampered in its application to females due 
to the lack of provision for protecting the breasts from injury 
and applying compressive force to deformation of the tho 
racic cavity rather than the breasts. 
CPR and chest compression should be initiated as quickly 

as possible after cardiac arrest to maximize its effectiveness 
and avoid neurologic damage due to lack of blood flow to 
the brain. Hypoxia Sets in about two minutes after cardiac 
arrest, and brain damage is likely after about four minutes 
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without blood flow to the brain, and the severity of neuro 
logic defect increaseS rapidly with time. A delay of two or 
three minutes Significantly lowers the chance of Survival and 
increases the probability and Severity of brain damage. 
However, CPR and ACLS are unlikely to be provided within 
this time frame. Response to cardiac arrest is generally 
considered to occur in four phases, including action by 
Bystander CPR, Basic Life Support, Advanced Cardiac Life 
Support, and the Emergency Room. By-stander CPR occurs, 
if at all, within the first few minutes after cardiac arrest. 
Basic Life Support is provided by First Responders who 
arrive on Scene about 4-6 minutes after being dispatched to 
the Scene. First responders include ambulance perSonnel, 
emergency medical technicians, firemen and police. They 
are generally capable of providing CPR but cannot provide 
drugs or intravascular access, defibrillation or intubation. 
Advanced Life Support is provided by paramedics or nurse 
practitioners who generally follow the first responders and 
arrive about 8-15 minutes after dispatch. ALS is provided by 
paramedics, nurse practitioners or emergency medical doc 
tors who are generally capable of providing CPR, drug 
therapy including intravenous drug delivery, defibrillation 
and intubation. The ALS providers may work with a patient 
for twenty to thirty minutes on Scene before transporting the 
patient to a nearby hospital. Though defibrillation and drug 
therapy is often Successful in reviving and Sustaining the 
patient, CPR is often ineffective even when performed by 
well trained first responders and ACLS perSonnel because 
chest compression becomes ineffective when the providers 
become fatigued. Thus, the initiation of CPR before arrival 
of first responderS is critical to Successful life Support. 
Moreover, the assistance of a mechanical chest compression 
device during the Basic Life Support and Advanced Life 
Support Stages is needed to maintain the effectiveness of 
CPR. 

SUMMARY 

The devices described below provide for circumferential 
chest compression with a device which is compact, portable 
or transportable, Self-powered with a Small power Source, 
and easy to use by by-Standers with little or no training. 
Additional features may also be provided in the device to 
take advantage of the power Source and the Structural 
Support board contemplated for a commercial embodiment 
of the device. 

The device includes a broad belt which wraps around the 
chest and is buckled in the front of the cardiac arrest patient. 
The belt is repeatedly tightened around the chest to cause the 
chest compression necessary for CPR. The buckle may 
include an interlock which must be activated by proper 
attachment before the device will activate, thus preventing 
futile belt cycles. The operating mechanism for repeatedly 
tightening the belt is provided in a Small box locatable at the 
patient's Side, and comprises a rolling mechanism which 
takes up the intermediate length of the belt to cause con 
striction around the chest. The roller is powered by a small 
electric motor, and the motor powered by batteries and/or 
Standard electrical power Supplies Such as 120V household 
electrical sockets or 12V DC automobile power sockets (car 
cigarette lighter Sockets). The belt is contained in a cartridge 
which is easily attached and detached from the motor box. 
The cartridge itself may be folded for compactness. The 
motor is connected to the belt through a transmission that 
includes a cam brake and a clutch, and is provided with a 
controller which operates the motor, clutch and cam brake in 
several modes. One such mode provides for limiting belt 
travel according to a high compression threshold, and lim 
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4 
iting belt travel to a low compression threshold. Another 
Such mode includes holding the belt taught against relax 
ation after tightening the belt, and thereafter releasing the 
belt. Respiration pauses, during which no compression takes 
place to permit CPR respiration, can be included in the 
Several modes. Thus, numerous inventions are incorporated 
into the portable resuscitation device described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overview of the resuscitation device. 

FIG. 2 illustrates the installation of the belt cartridge. 
FIG. 3 illustrates the operation of the belt cartridge. 
FIG. 4 illustrates the operation of the belt cartridge. 
FIG. 5 illustrates an alternative configuration of the belt 

cartridge. 
FIG. 6 illustrates an alternative configuration of the belt 

cartridge. 
FIG. 7 illustrates an alternative configuration of the belt 

cartridge. 
FIG. 8 illustrates an alternative configuration of the belt 

cartridge. 
FIG. 9 illustrates an alternative configuration of the belt 

cartridge. 
FIG. 10 illustrates an alternative embodiment of the belt. 
FIG. 11 illustrates an alternative embodiment of the belt. 

FIG. 12 illustrates the configuration of the motor and 
clutch within the motor box. 
FIG.12a illustrates the an alternative embodiment of the 

device illustrated in FIG. 12. 

FIG.12b illustrates a shield used in conjunction with the 
device of FIG. 12a. 

FIG. 13 is a table of the motor and clutch timing in a basic 
embodiment with a continuously running motor. 

FIG. 13a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 13. 

FIG. 14 is a table of the motor and clutch timing in a basic 
embodiment. 

FIG. 14a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 14. 

FIG. 15 is a table of the motor and clutch timing for 
Squeeze and hold operation of the compression belt. 

FIG. 15a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 15. 

FIG. 16 illustrates the timing of the motor, clutch and cam 
brake in a System that does not allow the belt compression 
to completely relax during each cycle. 

FIG. 16a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 16. 

FIG. 17 shows a timing table for use in combination with 
a System that uses the motor, clutch, and Secondary brake or 
a brake on the drive wheel or the spindle itself. 

FIG. 17a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 17. 

FIG. 18 is a table of the motor and clutch timing for 
Squeeze and hold operation of the compression belt where a 
brake is not energized to hold the belt during compression 
cycles unless the upper threshold is achieved by the System. 
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FIG. 18a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 18. 

FIG. 19 is a table of the motor and clutch timing for 
Squeeze and hold operation of the compression belt with a 
continuously running motor. 

FIG. 19a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 19. 

FIG. 20 is a table of the motor and clutch timing for 
Squeeze and hold operation of the compression belt using 
two brakes. 

FIG.20a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 20. 

FIG. 21 is table of the motor and clutch timing for 
operation of the compression belt in an embodiment in 
which the System timing is reset each time an upper thresh 
old is achieved. 

FIG. 21a is a diagram of the pressure changes developed 
by the System operated according to the timing diagram of 
FIG. 21. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows an overview of the resuscitation device 1. 
The major components are provided in modular form, and 
include the motor box 2, the belt cartridge 3 and the belt 4. 
The motor box exterior includes a sprocket 5 in drive wheel 
6 which releasable mates with receiving rod 7 on the 
cartridge. The cartridge houses the belt which will wrap 
around the chest of the patient. The cartridge also includes 
the spool 8 which is turned by the receiving rod. The spool 
takes up the midpoint of the belt to drive the compression 
cycles. A computer control System 10 may be included as 
shown in an enclosure mounted on the motor box. By 
providing the System in modular form, with the motor box 
releasable attached to the belt cartridge, the belt cartridge 
may more easily be maneuvered while Slipping it under the 
patient. 

Figure 2 shows a more detailed View of the cartridge, 
including the internal mechanisms of the belt cartridge 3. 
The outer body of the cartridge provides for protection of the 
belt during Storage, and includes a back plate 11 with a left 
panel 11L and a right panel 11R (relative to the patient 
during use). The right plate can be folded over the left plate 
for Storage and transport. Both panels are covered with a 
sheet 12 of low friction material such ad PTFE (Teflon(R) to 
reduce friction when the belt Slides over the panel during 
operation. Under the left panel, the cartridge has a housing 
13 which houses the middle portion of the belt, the spool 8 
and the spindle 15. The lateral side 14 of the cartridge 
(corresponding to the anatomic position when in use on a 
patient) houses the drive spool 8, with its drive rod 7 which 
engages the drive wheel 6 of the motor box. The cartridge 
also houses the guide spindle 15 (visible in FIG. 3) for 
directing the belt toward the drive spool 8. The guide spindle 
is located near the center of the cartridge (corresponding to 
the medial line of the patient when in use), So that it is 
located near the Spine when the device is in use. This Spindle 
reverses the belt travel for the left side of the belt, so that 
when it is pulled to the left by the drive spool, the portion 
that wraps around the left flank of the body moves to the 
right. The cartridge body is also hinged near the mid-line, 
and in this view the cartridge is hinged near the axis of the 
spindle. A friction liner 16 is suspended over the belt in the 
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6 
area of the guide Spindle, and is attached to the housing at 
the top and bottom panels 13t and 13b and spans the area in 
which the left belt portions and right belt portions diverge 
from the cartridge. The belt 4 is shown in the open condition. 
Male quick release fittings 17R on the right belt portion fit 
into corresponding female quick release 17L fitting on the 
left belt portion to releasably secure the belt around the 
patient’s chest. The belt length on the left and right sides of 
the belt may be adjusted so that the buckles fall just over the 
center of the patient's chest during operation, or they may be 
adjusted for placement of the buckles elsewhere around the 
chest. The handle 18 is provided for convenient handling 
and carrying of the device. 

FIG. 3 shows a cross section of the belt cartridge. The 
housing 13 is relatively flat, (but may be wedge shaped to 
assist in Sliding it under a patient) when viewed from the 
Superior position. The left panel 11L sits atop the housing 13 
and the right panel extends from the housing. In the unfolded 
position, the cartridge is flat enough to be slipped under a 
patient from the Side. In the croSS Section view, the guide 
spindle 15 can be seen, and the manner in which the belt is 
threaded through the slot 9 of the drive spool 8 appears more 
clearly. The belt 4 comprises a Single long band of tough 
fabric threaded through the drive spool slot 9 and extending 
from the drive spool to the right side quick releases 17R and 
also from the drive Spool, over and around the guide Spindle, 
and back toward the drive spool to the left side quick 
releases 171. The belt is threaded through the drive spool 8 
at its mid-portion, and around the guide Spindle, where the 
left belt portion 4L folds around the guide spindle, under the 
friction liner and back to the left Side of the cartridge, and 
the right belt portion 4R passes the Spindle to reach around 
the patient's right side. The friction belt liner 16 is sus 
pended above the guide Spindle and belt, being mounted on 
the housing, and fits between the patient and the compres 
Sion belt. The cartridge is placed under the patient 20, So that 
the guide Spindle is located close to the Spine 21 and 
Substantially parallel to the Spine, and the quick release 
fittings may be fastened over the chest in the general area of 
the Sternum 22. 

In use, the cartridge is slipped under the patient 20 and the 
left and right quick releases are connected. AS shown in FIG. 
4, when the drive Spool is rotated, it takes up the middle 
portion of the belt and tightens the belt around the chest. The 
compression force exerted by the belt is more than Sufficient 
to induce or increase intrathoracic pressure necessary for 
CPR. When the belt is spooled around the drive spool 8, the 
chest of the patient is compressed significantly, as illus 
trated. 
While it will usually be preferred to slide the cartridge 

under the patient, this is not necessary. The device may be 
fitted onto the patient with the buckles at the back or side, 
or with the motor to the side or above the patient, whenever 
Space restrictions require it. AS Show in FIG. 5, the cartridge 
may be fitted onto a patient 20 with only the right belt 
portion 4R and right panel 11R Slipped under the patient, and 
with the right panel and left panel partially unfolded. The 
placement of the hinge between the right Side and left Side 
panels permits flexibility in installation of the device. FIG. 
6 Shows that the cartridge may also be fitted onto a patient 
20 with both the right panel 11R and the left panel 11L 
slipped under the patient, but with the motor box 2 folded 
upward, rotated about the axis of the drive spool 8. These 
configuration are permitted by the modular nature of the 
motor box connection to the belt cartridge, and will prove 
useful in close SpaceS Such as ambulances and helicopters. 
(Note that, though the belt may be tightened by spooling 
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operation in either direction, tightening in the direction of 
arrow 23, clockwise when viewed from the top of the patient 
and the device, will cause reactive force which urges the 
motor box to rotate into the device, toward the body, rather 
than outwardly away from the body. Locking pins may be 
provided to prevent any rotational movement between the 
motor box and the cartridge. In the construction of the motor 
box as shown, the limited height of the box (the height of the 
box is less than the distance between the left flank of the 
patient and the drive spool) prevents contact with the patient 
in case the locking pins are not engaged for any reason. The 
rotation of the drive belt may be reversed to a counter 
clockwise direction, in which reactive force will urge the 
motor box to rotate outwardly. In this case, locking mecha 
nisms Such as locking pins can be used to protect operators 
from movement of the system.) 

Regardless of the orientation of the panels, the reversing 
spindle will properly orient the travel of the belt to ensure 
compression. The placement of the Spindle at the point 
where the right belt portion and the left belt portion diverge 
under the patient's chest, and the placement of this Spindle 
in close proximity to the body, permits the belt to make 
contact with the chest at Substantially all points on the 
circumference of the chest. The position of the Spindle 
reverses the travel of the belt left portion 4L from a trans 
verse right to left direction to a transverse left to right 
direction, while the fact that belt right portion 4R bypasses 
the Spindle means that it always moves from right to left in 
relation to the patient when pulled by the drive spool. Thus 
the portions of the belt engaging the chest always pull from 
opposite lateral areas of the chest to a common point near a 
central point. In FIGS. 3 and 4, the opposite lateral areas 
correspond to the anatomic lateral area of the patient, and the 
central point corresponds to the spine. In FIG. 5, the lateral 
areas correspond to the Spine and anterior left Side of the 
torSo, while the central point corresponds to the left lateral 
area of the chest. Additionally, the use of the Single Spindle 
at the center of the body, with the drive spool placed at the 
Side of the body, permits Simple construction and the detach 
able or modular embodiment of the motor assembly, and 
allows placement of the belt about the patient before attach 
ment of the motor box to the entire device. 

FIG. 7 illustrates an embodiment of the compression belt 
which reduces the take up speed for a given motor Speed or 
gearing and allows for twice the compressive force for a 
given motor Speed. The compression belt comprises a loop 
24 of belt material. The loop is threaded through the 
complex path around Spindles 25 in the quick release 
fasteners 26, around the body to the guide spindle 15, around 
or past the guide spindle and into the drive spool 8. The left 
belt portion outer layer 27L and right belt portion outer layer 
27R form, together with the left belt portion inner layer 28L 
and right belt portion inner layer 28R form a continues loop 
running inwardly from the fastener Spindle, inwardly around 
the chest to the opposite drive Spindle, outwardly from the 
opposite drive Spindle, downwardly over the chest, past the 
guide Spindle to the drive Spool, through the drive Spool Slot 
and back under the guide Spindle, reversing around the guide 
Spindle and upwardly over the chest back to the fastener 
spindle. Thus both the inner and outer layers of this two 
layer belt are pulled toward the drive spool to exert com 
pressive force on the body. This can provide for a decrease 
in friction as the belts will act on each other rather than 
directly on the patient. It will also allow for a lower torque, 
higher speed motor to exert the necessary force. 

In FIG. 8, the double layer belt system is modified with 
Structure which locks the inner belt portion in place, and 
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prevents it from moving along the body Surface. This has the 
advantage that the major portion of the belt in contact with 
the body does not slide relative to the body. To lock the belt 
inner layer in place relative to the loop pathway, the locking 
bar 29 is fixed within the housing 13 in parallel with the 
guide spindle 15 and the drive spool 8. The inner loop may 
be secured and fastened to the locking bar, or it may be 
Slidably looped over the locking bar (and the locking bar 
may be rotatable, as a spindle). The left belt portion outer 
layer 27L and right belt portion outer layer 27R are threaded 
through the drive spool 8. With the locking bar installed, the 
rotation of the drive spool takes up the outer layer of the belt, 
and these outer layers are forced to slide over the left belt 
portion inner layer 28L and right belt portion inner layer 
28R, but the inner layers do not slide relative to the surface 
of the patient (except, possibly, during a brief few cycles in 
which the belt centers itself around the patient, which will 
occur spontaneously due to the forces applied to the belt.) 

In FIG. 9, the double layer belt system is modified with 
Structure which does not lock the inner belt portion in place 
or prevent it from moving along the body Surface, but 
instead provides a Second drive Spool to act on the inner 
layer of the belt. To drive the belt inner layer relative to the 
loop pathway, the secondary drive spool 30 is fixed within 
the housing 13 in parallel with the guide spindle 15 and the 
drive spool 8. This secondary drive spool is driven by the 
motor, either through transmission geared within the hous 
ing or through a Second receiving rod protruding from the 
housing and a Secondary drive Socket driven through appro 
priate gearing in the motor box. The inner loop may be 
Secured and fastened to the Secondary drive spool, or it may 
be threaded through the secondary drive spool slot 31. The 
left belt portion outer layer 27L and right belt portion outer 
layer 27R are threaded through the first drive spool 8. With 
the Secondary drive spool, the rotation of the first drive Spool 
8 takes up the outer layer of the belt, and these outer layers 
are forced to slide over the left belt portion inner layer 28L 
and right belt portion inner layer 28R, while the secondary 
drive Spool takes up the inner layers. 
The compression belt may be provided in several forms. 

It is preferably made of Some tough material Such as 
parachute cloth or tyvek. In the most basic form shown in 
FIG. 10, the belt 4 is a plain band of material with fastening 
ends 32L and 32R, corresponding left and right belt portions 
4L and 41R, and the spool engaging center portion33. While 
we have used the spool slot in combination with the belt 
being threaded through the Spool slot as a convenient 
mechanism to engage the belt in the drive spool, the belt may 
be fixed to the drive spool in any manner. In FIG. 11, the 
compression belt is provided in two distinct pieces compris 
ing left and right belt portions 4L and 41R connected with 
a cable 34 which is threaded through the drive spool. This 
construction permits a much shorter drive spool, and may 
eliminate friction within the housing inherent in the full 
width compression band of FIG. 10. The fastening ends 32L 
and 32R are fitted with hook and loop fastening elements 35 
which may be used as an alternative to other quick release 
mechanisms. To provide a measurement of belt pay-out and 
take-up during operation, the belt or cable may be modified 
with the addition of a linear encoder Scale, Such as Scale 36 
on the belt near the Spool engaging center portion 33. A 
corresponding Scanner or reader may be installed on the 
motor box, or in the cartridge in apposition to the encoder 
Scale. 

FIG. 12 illustrates the configuration of the motor and 
clutch within the motor box. The exterior of the motor box 
includes a housing 41, and a computer module 10 with a 
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convenient display Screen 42 for display of any parameters 
measured by the system. The motor 43 is a typical small 
battery operated motor which can exert the required belt 
tensioning torque. The motor shaft 44 is lined up directly to 
the brake 45 which includes reducing gears and a cam brake 
to control free Spinning of the motor when the motor is not 
energized (or when a reverse load is applied to the gearbox 
output shaft). The gearbox output rotor 46 connects to a 
wheel 47 and chain 48 which connect to the input wheel 49, 
and thereby to the transmission rotor 50 of the clutch 51. The 
clutch 51 controls whether the input wheel 49 engages the 
output wheel 52, and whether rotary input to the input wheel 
is transmitted to the output wheel. (The secondary brake 53, 
which we refer to as the spindle brake, provides for control 
of the System in Some embodiments, as explained below in 
reference to FIG. 17.) The output wheel 52 is connected to 
the drive spool 8 via the chain 54 and drive wheel 6 and 
receiving rod 7 (the drive rod is on the cartridge). The drive 
wheel 6 has receiving Socket which is sized and shaped to 
mate and engage with the drive rod (simple hexagonal or 
octagonal Sprocket which matches the drive rod is 
sufficient). While we use a wrap spring brake (a MAC 45 
sold by Warner Electric) for the cambrake in the system, any 
form of brake may be employed. The wrap Spring brake has 
the advantage of allowing free rotating of the shaft when 
de-energized, and holds only when energized. The wrap 
Spring brake may be operated independent of the motor. 
While we use chains to transmit power through the System, 
belts, gears or other mechanisms may be employed. 

FIG. 12a illustrates the configuration of the motor and 
clutch within the motor box. The exterior of the motor box 
includes a housing 41 which holds the motor 43 is a typical 
Small battery operated motor which can exert the required 
belt tensioning torque. The motor shaft 44 is lined up 
directly to the brake 45 which includes reducing gears and 
a cam. The gearbox output rotor 46 connects to brake to the 
output wheel 47 and chain 48 which in turn connects directly 
to the drive wheel 6 and receiving rod 7. The drive spool 8 
is contained within the housing 41. At the end of the drive 
spool opposite the drive wheel, the brake 55 is directly 
connected to the drive spool. The belt 4 is threaded through 
the drive spool slot 9. To protect the belt from rubbing on the 
motor box, the shield 57 with the long aperture 58 is fastened 
to the housing So that the aperture lies over the drive spool, 
allowing the belt to pass through the aperture and into the 
drive Spool slot, and return out of the housing. Under the 
housing, slidably disposed within a channel in the bottom of 
the housing, a push plate 70 is positioned So that it can slide 
back and forth relative to the housing. The belt right portion 
4 is fitted with a pocket 71 which catches or mates with the 
right tip 72 of the push plate. The right tip of the push plate 
is sized and dimensioned to fit within the pocket. By means 
of this mating mechanism, the belt can be slipped onto the 
push plate, and with the handle 73 on the left end of the push 
plate, the push plate together with the right belt portion can 
be pushed under a patient. The belt includes the encoder 
Scale 36, which can be read with an encoder Scanner 
mounted on or within the housing. In use, the belt right 
portion is slipped under the patient by fastening it to the push 
plate and sliding the push plate under the patient. The motor 
box can then be positioned as desired around the patient (the 
belt will slip through the drive spool slot to allow 
adjustment). The belt right Side can then be connected to the 
belt left portion so that the fastened belt surrounds the 
patient's chest. In both FIGS. 12 and 12a, the motor is 
mounted in Side-by-Side relationship with the clutch and 
with the drive spool. With the side-by-side arrangement of 
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the motor and the roller, the motor may be located to the side 
of the patient, and need not be placed under the patient, or 
in interfering position with the shoulders or hips. This also 
allows a more compact Storage arrangement of the device, 
vis-a-vis an in-line connection between the motor and the 
roller. A battery is placed within the box or attached to the 
box as Space allows. 

During operation, the action of the drive Spool and belt 
draw the device toward the chest, until the shield is in 
contact with the chest (with the moving belt interposed 
between the shield and the chest). The shield also serves to 
protect the patient from any rough movement of the motor 
box, and help keep a minimum distance between the rotating 
drive spool and the patients skin, to avoid pinching the 
patient or the patient's clothing in the belt as the two sides 
of the belt are drawn into the housing. As illustrated in FIG. 
12b, the shield 57 may also include two lengthwise apertures 
74 separated by a short distance. With this embodiment of 
the Shield, one side of the belt passes through one aperture 
and into the drive spool slot, and the other side of the belt 
exits from the drive spool slot and outwardly through the 
other aperture in the shield. The shield as shown has an 
arcuate transverse cross Section (relative to the body on 
which it is installed). This arcuate shape permits the motor 
box to lay on the floor during use while a sufficient width of 
shield extends between the box and the belt. The shield made 
of plastic, polyethylene, PTFE, or other tough material 
which allows the belt to slide easily. The motor box, may, 
however, be placed anywhere around the chest of the patient. 
A computer module which acts as the System controller is 

placed within the box or attached to the box and is operably 
connected to the motor, the cam brake, clutch, encoder and 
other operating parts, as Well as biological and physical 
parameter Sensors included in the overall System (blood 
preSSure, blood oxygen, end tidal CO2, body weight, chest 
circumference, etc. are parameters that can be measured by 
the System and incorporated into the control System for 
adjusting compression rates and torque thresholds, or belt 
pay-out and slack limits). The computer module can also be 
programmed to handle various ancillary tasks Such as dis 
play and remote communications, Sensor monitoring and 
feedback monitoring, as illustrated in our prior application 
Ser. No. 08/922,723. 
The computer is programmed (with Software or firmware 

or otherwise) and operated to repeatedly turn the motor and 
release the clutch to roll the compression belt onto the drive 
Spool (thereby compressing the chest of the patient) and 
release the drive spool to allow the belt to unroll (thereby 
allowing the belt and the chest of the patient to expand), and 
hold the drive Spool in a locked or braked condition during 
periods of each cycle. The computer is programmed to 
monitor input from various Sensors, Such as the torque 
Sensor or belt encoders, and adjust operation of the System 
in response to these Sensed-parameters by, for example, 
halting a compression Stroke or slipping the clutch (or brake) 
in response to torque limit or belt travel limits. AS indicated 
below, the operation of the motor box components may be 
coordinated to provide for a Squeeze and hold compression 
method which prolongs periods of high intrathoracic pres 
Sure. The System may be operated in a Squeeze and quick 
release method for more rapid compression cycles and better 
waveform and flow characteristics in certain situations. The 
operation of the motor box components may be coordinated 
to provide for a limited relaxation and compression, to avoid 
wasting time and battery power to move the belt past 
compression threshold limits or Slack limits. The computer 
is preferably programmed to monitor two or more Sensed 
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parameters to determine an upper threshold for belt com 
pression. By monitoring motor torque as measured by a 
torque Sensor and paid out belt length as determined by a 
belt encoder, the System can limit the belt take-up with 
redundant limiting parameters. The redundancy provided by 
applying two limiting parameters to the System avoids 
over-compression in the case that a Single compression 
parameter exceed the Safe threshold while the System fails to 
Sense and response the threshold by Stopping belt take-up. 
An angular optical encoder may be placed on any rotating 

part of the System to provide feedback to a motor controller 
relating to the condition of the compression belt. (The 
encoder System may be an optical Scale coupled to an optical 
Scanner, a magnetic or inductive Scale coupled to a magnetic 
or inductive encoder, a rotating potentiometer, or any one of 
the several encoder systems available.) The encoder 56, for 
example, is mounted on the secondary brake 53 (in FIG. 12), 
and provides an indication of the motor Shaft motion to a 
System controller. An encoder may also be placed on the 
drive Socket 5 or drive wheel 6, the motor 43 and or motor 
shaft 44. The System includes a torque Sensor (Sensing 
current Supply to the motor, for example), and monitors the 
torque or load on the motor. For either or both parameters, 
a threshold is established above which further compression 
is not desired or useful, and if this occurs during the 
compression of the chest, then the clutch is disengaged. The 
belt encoder is used by the control System to track the 
take-up of the belt, and to limit the length of belt which is 
spooled upon the drive belt. 

In order to control the amount of thoracic compression 
(change in circumference) for the cardiac compression 
device using the encoder, the control System must establish 
a baseline or zero point for belt take-up. When the belt is 
tight to the point where any Slack has been taken up, the 
motor will require more current to continue to turn under the 
load of compressing the chest. This expected rapid increase 
in motor current draw (motor threshold current draw) is 
measured through torque Sensor (an Amp meter, a voltage 
divider circuit or the like). This spike in current or Voltage 
is taken as the Signal that the belt has been drawn tightly 
upon the patient and the paid out belt length is an appropriate 
Starting point, and the encoder measurement at this point is 
Zeroed within the System (that is, taken as the starting point 
for belt take-up). The encoder then provides information 
used by the System to determine the change in length of the 
belt from this pre-tightened position. The ability to monitor 
and control the change in length allows the controller to 
control the amount of pressure exerted on the patient and the 
change in Volume of the patient by limiting the length of belt 
take-up during a compression cycle. 

The expected length of belt take-up for optimum com 
pression is 1 to 6 inches. However, Six inches of travel on a 
thin individual may create a excessive change in thoracic 
circumference and present the risk of injury from the device. 
In order to overcome this problem, the System determines 
the necessary change in belt length required by measuring 
the amount of belt travel required to become taught as 
described above. Knowing the initial length of the belt and 
Subtracting off the amount required to become taught will 
provide a measure of the patients size (chest 
circumference). The System then relies on predetermined 
limits or thresholds to the allowable change in circumfer 
ence for each patient on which it is installed, which can be 
used to limit the change in Volume and preSSure applied to 
the patient. The threshold may change with the initial 
circumference of the patient So that a Smaller patient will 
receive less of a change in circumference as compared to a 
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larger patient. The encoder provides constant feedback as to 
the State of travel and thus the circumference of the patient 
at any given time. When the belt take-up reaches the thresh 
old (change in Volume), the System controller ends the 
compression Stroke and continues into the next period of 
hold or release as required by the compression/ 
decompression regimen programmed into the controller. The 
encoder also enables the System to limit the release of the 
belt So that it does not fully release. This release point can 
be determined by the Zero point established on the pre 
tightening first take-up, or by taking a percentage of the 
initial circumference or a sliding Scale triggered by the 
initial circumference of the patient. 
The belt could also be buckled so that it remains tight 

against the patient. Requiring the operator to tighten the belt 
provides for a method to determine the initial circumference 
of the patient. Again encoderS can determine the amount of 
belt travel and thus can be used to monitor and limit the 
amount of change in the circumference of the patient given 
the initial circumference. 

Several compression and release patterns may be 
employed to boost the effectiveness of the CPR compres 
Sion. Typical CPR compression is accomplished at 60-80 
cycles per minute, with the cycles constituting mere com 
pression followed by complete release of compressive force. 
This is the case for manual CPR as well as for known 
mechanical and pneumatic chest compression devices. With 
our new System, compression cycles in the range of 20–70 
cpm have been effective, and the System may be operated as 
high as 120 cpm or more. This type of compression cycle 
can be accomplished with the motor box with motor and 
clutch operation as indicated in FIG. 13. When the system is 
operating in accordance with the timing table of FIG. 13, the 
motor is always on, and the clutch cycles between engage 
ment (on) and release (off). After several compressions at 
time periods T1, T3, T5 and T7, the system pauses for 
Several time periods to allow brief period (several Seconds) 
to provide a respiration pause, during which operators may 
provide ventilation or artificial respiration to the patient, or 
otherwise cause oxygenated air to flow into the patient's 
lungs. (The brakes illustrated in FIG. 12, are not used in this 
embodiment, though they may be installed.) The length of 
the clutch engagement period is controlled in the range of 
0-2000 msec, and the time between periods of clutch 
engagement is controlled in the range of 0–2000 mSec 
(which of course is dictated by medical considerations and 
may change as more is learned about the optimal rate of 
compression). 
The timing chart of FIG.13a illustrates the intra-thoracic 

preSSure changes caused by the compression belt when 
operated according to the timing diagram of FIG. 13. The 
chest compression is indicated by the status line 59. The 
motor is always on, as indicated by motor status line 60. The 
clutch is engaged or “on” according to the Square wave 
clutch Status line 61 in the lower portion of the diagram. 
Each time the clutch engages, the belt is tightened around 
the patient's chest, resulting in a high pressure Spike in belt 
tension and intra-thoracic pressure as indicated by the com 
pression Status line 62. Pulses p1, p.2, p.3, p4 and p5 are all 
Similar in amplitude and duration, with the exception of 
pulse p3. Pulse p3 is limited in duration in this example to 
show how the torque limit feedback operates to prevent 
excessive belt compression. (Torque limit may be replaced 
by belt travel or other parameter as the limiting parameter.) 
AS an example of System response to Sensing the torque 
limit, Pulse p3 is shown rapidly reaching the torque limit Set 
on the motor. When the torque limit is reached, the clutch 
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disengages to prevent injury to the patient and excessive 
drain on the battery (excessive compression is unlikely to 
lead to additional blood flow, but will certainly drain the 
batteries quickly). Note that after clutch disengagement 
under pulse p3, belt tension and intra-thoracic pressure drop 
quickly, and the intra-thoracic pressure is increased for only 
a Small portion of cycle. After clutch disengagement based 
on an over-torque condition, the System returns to the pattern 
of repeated compressions. Pulse P4 occurs at the next 
Scheduled compression period T7, after which the respira 
tion pause period spanning T8, T9, and T10 is created by 
maintaining the clutch in the disengaged condition. After the 
respiration pause, pulse P5 represents the Start of the next Set 
of compressions. The System repeatedly performs Sets of 
compressions followed by respiration pauses until inter 
rupted by the operator. 

FIG. 14 illustrates the timing of the motor, clutch and cam 
brake in a System that allows the belt compression to be 
reversed by reversing the motor. It also provides for com 
pression hold periods to enhance the hemodynamic effect of 
the compression periods, and relaxation holds to limit the 
belt pay-out in the relaxation period to the point where the 
belt is still taut on the chest and not excessively loose. AS the 
diagram indicates, the motor operates first in the forward 
direction to tighten the compression belt, then is turned off 
for a brief period, then operates in the reverse direction and 
turns off, and continues to operate through cycles of forward, 
off, reverse, off, and So on. In parallel with these cycles of 
the motor State, the cam brake is operating to lock the motor 
drive shaft in place, thereby locking the drive roller in place 
and preventing movement of the compression belt. Brake 
status line 63 indicates the status of the brake 45. Thus, when 
the motor tightens the compression belt up to the threshold 
or time limit, the motor turns off and the cam brake engages 
to prevent the compression belt form loosening. This effec 
tively prevents relaxation of the patient's chest, maintaining 
a higher intra-thoracic pressure during hold periods T2, T6 
and T10. Before the next compression cycle begins, the 
motor is reversed and the cam brake is disengaged, allowing 
the System to drive the belt to a looser length and allowing 
the patient's chest to relax. Upon relaxation to the lower 
threshold corresponding to the pre-tightened belt length, the 
cam brake is energized to Stop the Spindle and hold the belt 
at the pre-tightened length. The clutch is engaged at all times 
(the clutch may be omitted altogether if no other compres 
Sion regimen is desired in the System). (This embodiment 
may incorporate two motorS operating in different 
directions, connecting to the spindle through clutches.) 

FIG. 14a illustrates the intra-thoracic pressure changes 
caused by the compression belt when operated according to 
the timing diagram of FIG. 14a. The clutch, if any, is always 
on as indicated by clutch status line 61. The cam brake is 
engaged or “on” according to the Square wave in the lower 
portion of the diagram. The motor is on, off, or reversed 
according to motor State line. Each time the motor is turned 
on in the forward direction, the belt is tightened around the 
patient's chest, resulting in a high pressure Spike in belt 
tension and intra-thoracic pressure as shown in the pressure 
plot line. Each time the high threshold limit is sensed by the 
System and the motor is de-energized, the cam brake 
engages to prevent further belt movement. This results in a 
high maintained pressure or “hold pressure' during the hold 
periods indicated on the diagram (time period T2, for 
example). At the end of the hold period, the motor is 
reversed to drive the belt to a relaxed position, then 
de-energized. When the motor is turned off after a period of 
reverse operation, the cam brake engages to prevent exceSS 
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Slacking of the compression belt (this would waste time and 
battery power). The cam brake disengages when the cycle is 
reinitiated and the motor is energized to start another com 
pression. Pulses p1, p2, are similar in amplitude and dura 
tion. Pulse p3 is limited in duration in this example to show 
how the torque limit feedback operates to prevent excessive 
belt compresion. Pulse p3 rapidly reaches the torque limit Set 
on the motor (or the take-up limit set on the belt), and the 
motor Stops and the cam brake engages to prevent injury to 
the patient and excessive drain on the battery. Note that after 
motor Stop and cam brake engagement under pulse p3, belt 
tension and intra-thoracic pressure are maintained for the 
Same period as all other pulses, and the intra-thoracic 
preSSure is decreased only slightly, if at all, during the high 
preSSure hold period. After pulse, P3, a respiration pause 
may be initiated in which the belt tension is permitted to go 
completely slack. 

FIG. 15 illustrates the timing of the motor, clutch and cam 
brake in a System that allows the belt compression to 
completely relax during each cycle. AS the table indicates, 
the motor operates only in the forward direction to tighten 
the compression belt, then is turned off for a brief period, 
and continues to operate through on and off cycles. In the 
first time period Ti, the motor is on and the clutch is engaged, 
tightening the compression belt about the patient. In the next 
time period t2, the motor is turned off and the cam brake is 
energized (with the clutch still engaged) to lock the com 
pression belt in the tightened position. In the next time 
period T3, the clutch is disengaged to allow the belt to relax 
and expand with the natural relaxation of the patient's chest. 
In the next period tak, the motor is energized to come up to 
Speed, while the clutch is disengaged and the cam brake is 
off. The motor comes up to speed with no effect on the 
compression belt in this time period. In the next time period, 
the cycle repeats itself. Thus, when the motor tightens the 
compression belt up to the threshold or time limit, the motor 
turns off and the cam brake engages to prevent the com 
pression belt from loosening. This effectively prevents relax 
ation of the patient's chest, maintaining a higher intra 
thoracic preSSure. Before the next compression cycle begins, 
the clutch is disengaged, allowing the chest to relax and 
allowing the motor to come up to Speed before coming under 
load. This provides much more rapid belt compression, 
leading to a sharper increase in intra-thoracic pressure. 

FIG. 15a illustrates the intra-thoracic pressure changes 
caused by the compression belt when operated according to 
the timing table of FIG. 15. The clutch is turned on only after 
the motor has come up to Speed, according to the clutch 
status line 61 and motor status line 60, which shows that the 
motor is energized for two time periods before clutch 
engagement. The cam brake is engaged or “on” according to 
the brake Status line 62 in the lower portion of the diagram. 
Each time the clutch is engaged, the belt is tightened around 
the patient's chest, resulting in a Sharply increasing high 
preSSure Spike in belt tension and intra-thoracic pressure as 
shown in the pressure plot line. Each time the motor is 
de-energized, the cam brake engages and clutch remains 
engaged to prevent further belt movement, and the clutch 
prevents relaxation. This results in a high maintained pres 
Sure or “hold pressure' during the hold periods indicated on 
the diagram. At the end of the hold period, the clutch is 
de-energized to allow the belt to expand to the relaxed 
position. At the end of the cycle, the cam brake is disengaged 
(with the clutch disengaged) to allow the motor to come up 
to Speed before initiation of the next compression cycle. The 
next cycle is initiated when the clutch is engaged. This 
action produces the sharper preSSure increase at the begin 
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ning of each cycle, as indicated by the Steep curve at the Start 
of each of the preSSure Pulses p1, p2, and p3. Again, these 
preSSure pulses are all Similar in amplitude and duration, 
with the exception of pulse p2. Pulse p2 is limited in 
duration in this example to show how the torque limit 
feedback operates to prevent excessive belt compression. 
Pulse p2 rapidly reaches the torque limit Set on the motor, 
and the motor Stops and the cam brake engages to prevent 
injury to the patient and excessive drain on the battery. Note 
that after motor Stop and cam brake engagement under pulse 
p2, belt tension and intra-thoracic preSSure are maintained 
for the same period as all other pulses, and the intra-thoracic 
preSSure is decreased only slightly during the hold period. 
The operation of the system according to FIG. 15a is 
controlled to limit belt pressure to a threshold measured by 
high motor torque (or, correspondingly, belt Strain or belt 
length). 

FIG. 16 illustrates the timing of the motor, clutch and cam 
brake in a System that does not allow the belt compression 
to completely relax during each cycle. Instead, the System 
limits belt relaxation to a low threshold of motor torque, belt 
Strain, or belt length. AS the table indicates, the motor 
operates only in the forward direction to tighten the com 
pression belt, then is turned off for a brief period, and 
continues to operate through on and off cycles. In the first 
time period T1, the motor is on and the clutch is engaged, 
tightening the compression belt about the patient. In the next 
time period t2, the motor is turned off and the cam brake is 
energized (with the clutch still engaged) to lock the com 
pression belt in the tightened position. In the next time 
period T3, the clutch is disengaged to allow the belt to relax 
and expand with the natural relaxation of the patient's chest. 
The drive spool will rotate to pay out the length of belt 
necessary to accommodate relaxation of the patient's chest. 
In the next period ta, while the motor is still off, the clutch 
is engaged (with the cam brake still on) to prevent the belt 
from becoming completely slack. To Start the next cycle at 
T5, the motor starts and the cam brake is turned off and 
another compression cycle begins. 

FIG. 16a illustrates the intrathoracic pressure and belt 
Strain that corresponds to the operation of the System accord 
ing to FIG. 16. Motor status line 60 and the brake status line 
62 indicate that when the motor tightens the compression 
belt up to the high torque threshold or time limit, the motor 
turns off and the cam brake engages to prevent the com 
pression belt from loosening. Thus the high pressure attained 
during uptake of the belt is maintained during the hold 
period starting at T2. When the belt is loosened at T3 by 
release of the clutch (which uncouples the cam brake), the 
intrathoracic pressure drops as indicated by the pressure line. 
At T4, after the compression belt has loosened to Some 
degree, but not become totally slack, the clutch engages (and 
recouples the cam brake) to hold the belt at Some minimum 
level of belt pressure. This effectively prevents total relax 
ation of the patient's chest, maintaining a slightly elevated 
intra-thoracic pressure even between compression cycles. A 
period of low level compression is created within the cycle. 
Note that after several cycles (four or five cycles) a respi 
ration pause is incorporated into the compression pattern, 
during which the clutch is off, the cam brake is off to allow 
for complete relaxation of the belt and the patient's chest. 
(The system may be operated with the low threshold in 
effect, and no upper threshold in effect, creating a single low 
threshold system.) The motor may be energized between 
compression period, as shown in time periods T11 and T12, 
to bring it up to Speed before the Start of the next compres 
Sion cycle. 
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FIG. 17 shows a timing table for use in combination with 

a System that uses the motor, clutch, and Secondary brake 53 
or a brake on drive wheel or the spindle itself. The brake 45 
is not used in this embodiment of the System (though it may 
be installed in the motor box). As the table indicates, the 
motor operates only in the forward direction to tighten the 
compression belt, and is always on. In the first time period 
T1, the motor is on and the clutch is engaged, tightening the 
compression belt about the patient. In the next time period 
t2, the motor is on but the clutch is disengaged and the brake 
53 is energized to lock the compression belt in the tightened 
position. In the next time period T3, the clutch is disengaged 
and the brake is off to allow the belt to relax and expand with 
the natural relaxation of the patient's chest. The drive Spool 
will rotate to pay out the length of belt necessary to 
accommodate relaxation of the patient's chest. In the next 
period ta, while the motor is still on, the clutch is 
disengaged, but energizing the Spindle brake is effective to 
lock the belt prevent the belt from becoming completely 
Slack (in contrast to the Systems described above, the opera 
tion of the spindle brake is effective when the clutch is 
disengaged because the Spindle brake is downstream of the 
clutch). To start the next cycle at T5, the motor starts and the 
Spindle brake is turned off, the clutch is engaged and another 
compression cycle begins. During pulse P3, the clutch is 
engaged for time periods T11 and T12 while the torque 
threshold limit is not achieved the system. This provides an 
overshoot compression period, which can be interposed 
amongst the torque limited compression periods. 

FIG. 17a illustrates the intrathoracic pressure and belt 
Strain that corresponds to the operation of the System accord 
ing to FIG. 17. Motor status line 60 and the brake status line 
62 indicate that when the motor tightens the compression 
belt up to the high torque threshold or time limit, the Spindle 
brake engages (according to spindle brake status line 64) and 
the clutch disengages to prevent the compression belt from 
loosening. Thus the high pressure attained during uptake of 
the belt is maintained during the hold period Starting at T2. 
When the belt is loosened at T3 by release of the spindle 
brake, the intrathoracic pressure drops as indicated by the 
preSSure line. At T4, after the compression belt has loosened 
to Some degree, but not become totally Slack, the Spindle 
brake engages to hold the belt at Some minimum level of belt 
pressure. This effectively prevents total relaxation of the 
patient's chest, maintaining a slightly elevated intra-thoracic 
preSSure even between compression cycles. A period of low 
level compression is created within the cycle. At P3, the 
upper threshold is not achieved but the maximum time 
allowed for compression is reached, So and the clutch is 
engaged for two time periods T9 and T10 until the system 
releases the clutch based on the time limit. At T9 and T10, 
the Spindle brake, though enabled, is not turned on. 

FIG. 18 shows a timing table for use in combination with 
a System that uses the motor, clutch, and Secondary brake 53 
or a brake on drive wheel or the spindle itself. The brake 45 
is not used in this embodiment of the System (though it may 
be installed in the motor box). As the table indicates, the 
motor operates only in the forward direction to tighten the 
compression belt, and is always on. In the time periods T1 
and T2, the motor is on and the clutch is engaged, tightening 
the compression belt about the patient. In contrast to the 
timing chart of FIG. 17, the brake is not energized to hold 
the belt during the compression periods (T1 and T2) unless 
the upper threshold is achieved by the system. In the next 
time period T3, the clutch is disengaged and the brake is off 
to allow the belt to relax and expand with the natural 
relaxation of the patient’s chest. The drive spool will rotate 
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to pay out the length of belt necessary to accommodate 
relaxation of the patient's chest. During T3, the belt pays out 
to the Zero point, So the System energizes the Spindle brake. 
During T4, the motor remains on, the clutch is disengaged, 
and the spindle brake is effective to lock the belt to prevent 
the belt from becoming completely slack (in contrast to the 
Systems using the cam brake, the operation of the Spindle 
brake is effective when the clutch is disengaged because the 
spindle brake is downstream of the clutch). To start the next 
cycle at T5, the motor starts and the spindle brake is turned 
off, the clutch is engaged and another compression cycle 
begins. The System achieves the high threshold during time 
period T6, at peak P2, and causes the clutch to release and 
the Spindle brake to engage, thereby holding the belt tight in 
the high compression State for the remainder of the com 
pression period (T5 and T6). At the end of the compression 
period, the brake is momentarily disengaged to allow the 
belt to expand to the low threshold or Zero point, and the 
brake is engaged again to hold the belt at the low threshold 
point. Pulse P3 is created with another compression period 
in which brake is released and the clutch is engaged in T9 
and T10, until the threshold is reached, whereupon the clutch 
disengages and the brake engages to finish the compression 
period with the belt held in the high compression state. In 
time period T11 and T12, the clutch is disengaged and the 
brake is release to allow the chest to relax completely. This 
provides for a respiration pause in which the patient may be 
ventilated. 

FIG. 18a illustrates the intrathoracic pressure and belt 
Strain that corresponds to the operation of the System accord 
ing to FIG. 18. In time periods T1 and T2, the motor status 
line 60 and the brake status line 62 indicate that the motor 
tightens the compression belt up the end of the compression 
period (the system will not initiate a hold below the upper 
threshold). When the belt is loosened at T3 by release of the 
Spindle brake, the intrathoracic pressure drops as indicated 
by the pressure line. At T3, after the compression belt has 
loosened to Some degree, but not become totally Slack, the 
Spindle brake engages to hold the belt at Some minimum 
level of belt pressure. This effectively prevents total relax 
ation of the patient's chest, maintaining a slightly elevated 
intra-thoracic pressure even between compression cycles. A 
period of low level compression is created within the cycle. 
Motor status line 60 and the brake status line 62 indicate that 
when the motor tightens the compression belt up to the high 
torque threshold or time limit, the Spindle brake engages 
(according to spindle brake status line 64) and the clutch 
disengages to prevent the compression belt from loosening. 
Thus the high pressure attained during uptake of the belt is 
maintained during the hold period starting at T6. When the 
belt is loosened at T7 by release of the spindle brake, the 
intrathoracic pressure drops as indicated by the pressure line. 
At T7, after the compression belt has loosened to some 
degree, but not become totally slack, the Spindle brake 
engages to hold the belt at the lower threshold. At P3, the 
upper threshold is again achieved, So and the clutch is 
disengaged and the brake is engaged at time T10 to initiate 
the high compression hold. 

FIG. 19 shows a timing table for use in combination with 
a System that uses the motor, clutch, and Secondary brake 53 
or a brake on drive wheel or the spindle itself. The brake 45 
is not used in this embodiment of the System (though it may 
be installed in the motor box). As the table indicates, the 
motor operates only in the forward direction to tighten the 
compression belt, and is always on. In the first time period 
T1, the motor is on and the clutch is engaged, tightening the 
compression belt about the patient. In the next time period 
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t2, the motor is on, the clutch is disengaged in response to 
the sensed threshold, and the brake 53 is enabled and 
energized to lock the compression belt in the tightened 
position only if the upper threshold is Sensed during the 
compression period. In the next time period T3, the clutch is 
disengaged and the brake is off to allow the belt to relax and 
expand with the natural relaxation of the patient's chest. The 
drive Spool will rotate to pay out the length of belt necessary 
to accommodate relaxation of the patient's chest. In the next 
period tak, while the motor is still on, the clutch is disengage, 
but energizing the Spindle brake is effective to lock the belt 
prevent the belt from becoming completely slack (in contrast 
to the Systems described above, the operation of the Spindle 
brake is effective when the clutch is disengaged because the 
spindle brake is downstream of the clutch). To start the next 
cycle at T5, the motor starts and the spindle brake is turned 
off, the clutch is engaged and another compression cycle 
begins. During pulse P3, the clutch is on in time period T9. 
The clutch remains engaged and the brake is enabled but not 
energized in time period T10. The clutch and brake are 
controlled in response to the threshold, meaning that the 
System controller is awaiting until the high threshold is 
Sensed before Switching the System to the hold configuration 
in which the clutch is released and the brake is energized. In 
this example, the high threshold is not achieved during the 
compression period T9 and T10, so the system does not 
initiate a hold. 

FIG. 19a illustrates the intrathoracic pressure and belt 
Strain that corresponds to the operation of the System accord 
ing to FIG. 19. Motor status line 60 and the brake status line 
62 indicate that when the motor tightens the compression 
belt up to the high torque threshold or time limit, where the 
clutch disengages and the Spindle brake engages (according 
to spindle brake status line 64) to prevent the compression 
belt from loosening. Thus the high pressure attained during 
uptake of the belt is maintained during the hold period 
Starting at T2. Thus the period of compression comprises a 
period of active compressing of the chest followed by a 
period of static compression. When the belt is loosened at T3 
by release of the Spindle brake, the intrathoracic preSSure 
drops as indicated by the pressure line. At T4, after the 
compression belt has loosened to Some degree, but not 
become totally Slack, the Spindle brake engages to hold the 
belt at some minimum level of belt pressure. This effectively 
prevents total relaxation of the patient's chest, maintaining 
a slightly elevated intra-thoracic pressure even between 
compression cycles. A period of low level compression is 
created within the cycle. Note that in cycles where the upper 
threshold is not achieved, the compression period does not 
include a static compression (hold) period, and the clutch is 
engaged for two time periods T9 and T10, and the system 
eventually ends the active compression based on the time 
limit set by the system. 

FIG. 20 shows a timing table for use in combination with 
a System that uses the motor, clutch, the cam brake within 
gearbox 45 and secondary brake 53 or a brake on drive 
wheel or the spindle itself. Both brakes are used in this 
embodiment of the System. AS the table indicates, the motor 
operates only in the forward direction to tighten the com 
pression belt. In the first time period T1, the motor is on and 
the clutch is engaged, tightening the compression belt about 
the patient. In the next time period t2, the upper threshold is 
achieved and the motor is turned off in response to the 
Sensed threshold, the clutch is still engaged, and the Sec 
ondary brake 53 is enabled and energized to lock the 
compression belt in the tightened position (these events 
happens only if the upper threshold is Sensed during the 
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compression period). In the next time period T3, with the 
clutch disengaged and the brakes off, the belt relaxes and 
expands with the natural relaxation of the patient's chest. 
The drive spool will rotate to pay out the length of belt 
necessary to accommodate relaxation of the patient's chest. 
In the next period ta (while the motor is still on), the clutch 
remains disengaged, but energizing the Secondary brake is 
effective to lock the belt to prevent the belt from becoming 
completely slacks. To start the next cycle at T5, the spindle 
brake is turned off, the clutch is engaged and another 
compression cycle begins (the motor has been energized 
earlier, in time period T3 or T4, to bring it up to speed). 
During pulse P3, the clutch is on in time period T9. The 
clutch remains engaged and the brake is enabled but not 
energized in time period T10. The clutch and brake are 
controlled in response to the threshold, meaning that the 
System controller is awaiting until the high threshold is 
Sensed before Switching the System to the hold configuration 
in which the clutch is released and the brake is energized. In 
this example, the high threshold is not achieved during the 
compression period T9 and T10, so the system does not 
initiate a hold. The cam brake serves to hold the belt in the 
upper threshold length, and the Spindle brake Serves to hold 
the belt in the lower threshold length. 

FIG. 20a illustrates the intrathoracic pressure and belt 
Strain that corresponds to the operation of the System accord 
ing to FIG. 20. Motor status line 60 and the brake status line 
62 indicate that when the motor tightens the compression 
belt up to the high torque threshold or time limit, the motor 
turns off and the cam brake engages (according to cam brake 
status line 63) to prevent the compression belt from loos 
ening (the clutch remains engaged). Thus the high pressure 
attained during uptake of the belt is maintained during the 
hold period Starting at T2. Thus the period of compression 
comprises a period of active compressing of the chest 
followed by a period of static compression. When the belt is 
loosened at T3 by release of the clutch, the intrathoracic 
preSSure drops as indicated by the pressure line. At T4, after 
the compression belt has loosened to Some degree, but not 
become totally Slack, the Spindle brake engages to hold the 
belt at Some minimum level of belt pressure, as indicated by 
the spindle brake status line 64. This effectively prevents 
total relaxation of the patient's chest, maintaining a slightly 
elevated intra-thoracic preSSure even between compression 
cycles. A period of low level compression is created within 
the cycle. Note that in cycles where the upper threshold is 
not achieved, the compression period does not include a 
Static compression (hold) period, and the clutch is engaged 
for two time periods T9 and T10, and the system eventually 
ends the active compression based on the time limit Set by 
the System. 

The previous figures have illustrated control Systems in a 
time dominant System, even where thresholds are used to 
limit the active compression Stroke. We expect the time 
dominant System will be preferred to ensure a consistent 
number of compression periods per minute, as is currently 
preferred in the ACLS. Time dominance also eliminates the 
chance of a runaway System, where the might be awaiting 
indication that a torque or encoder threshold has been met, 
yet for Some reason the System does not approach the 
threshold. However, it may be advantageous in Some 
Systems, perhaps with patients closely attended by medical 
perSonnel, to allow the thresholds to dominate partially or 
completely. An example of partial threshold dominance is 
indicated in the table of FIG. 21. The compression period is 
not timed, and ends only when the upper threshold is Sensed 
at point a. The System operates the clutch and brake to allow 
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relaxation to the lower threshold at point b, and then initiates 
the low threshold hold period. At a set time after the peak 
compression, a new compression Stroke is initiated at point 
c, and maintained until the peak compression is reached at 
point d. The actual time spent in the active compression 
varies depending on how long it takes the System to achieve 
the threshold. Thus cycle time (a complete period of active 
compression, release and low threshold hold, until the Start 
of the next compression) varies with each cycle depending 
on how long it takes the System to achieve the threshold, and 
the low threshold relaxation period floats accordingly. To 
avoid extended periods in which the system stalls while 
awaiting an upper threshold that is never achieved, outer 
time limit is imposed on each compression period, as 
illustrated at point g, where the compression is ended before 
reaching the maximum allowed compression. In essence, the 
System clock is reset each time the upper threshold is 
achieved. The preset time limits 75 for low compression 
hold periods are shifted leftward on the diagram of FIG.21a, 
to floating time limits 76. This approach can be combined 
with each of the previous control regimens by resetting the 
timing whenever those Systems reach the upper threshold. 
The arrangement of the motor, cam brake and clutch may 

be applied to other Systems for belt driven chest compres 
Sions. For example, Lach, Resuscitation Method And 
Apparatus, U.S. Pat. No. 4,770,164 (Sep. 13, 1988) proposes 
a hand-cranked belt that fits over the chest and two chocks 
under the patient's chest. The chockS hold the chest in place 
while the belt is cranked tight. Torque and belt tightness are 
limited by a mechanical stop which interferes with the 
rotation of the large drive roller. The mechanical Stop merely 
limits the tightening roll of the Spool, and cannot interfere 
with the unwinding of the spool. A motor is proposed for 
attachment to the drive rod, and the mate between the motor 
shaft and the drive roller is a manually operated mechanical 
interlock referred to as a clutch. This "clutch” is a primitive 
clutch that must be set by hand before use and cannot be 
operated during compression cycles. It cannot release the 
drive roller during a cycle, and it cannot be engaged while 
the motor is running, or while the device is in operation. 
Thus application of the brake and clutch arrangements 
described above to a device Such as Lach will be necessary 
to allow that System to be automated, and to accomplish the 
Squeeze and hold compression pattern. 

Lach, Chest Compression Apparatus for Cardiac Arrest, 
PCT App. PCT/US96/18882 (Jun. 26, 1997) also proposes a 
compression belt operated by a Scissor-like lever System, 
and proposes driving that System with a motor which 
reciprocatingly drives the Scissor mechanism back and forth 
to tighten and loosen the belt. Specifically, Lach teaches that 
failure of full release is detrimental and Suggests that one 
cycle of compression would not start until full release has 
occurred. This System can also be improved by the appli 
cation of the clutch and brake systems described above. It 
appears that these and other belt tensioning means can be 
improved upon by the brake and clutch System. Lach dis 
closes a number of reciprocating actuators for driving the 
belt, and requires application of force to these actuators. For 
example, the Scissor mechanism is operated by applying 
downward force on the handles of the Scissor mechanism, 
and this downward force is converted into belt tightening 
force by the actuator. By motorizing this operation, the 
advantages of our clutch and brake System can be obtained 
with each of the force converters disclosed in Lach. The 
Socketed connection between the motor and drive Spool can 
be replaced with a flexible drive shaft connected to any force 
converter disclosed in Lach. 
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Thus, while the preferred embodiments of the devices and 
methods have been described in reference to the environ 
ment in which they were developed, they are merely illus 
trative of the principles of the inventions. Other embodi 
ments and configurations may be devised without departing 
from the spirit of the inventions and the scope of the 
appended claims. 
We claim: 
1. A device for compressing the chest of a patient com 

prising: 
a belt adapted to extend around the chest of the patient and 

fastened on the patient; 
a drive Spool operably connected to the belt and adapted 

to take up the belt upon rotation of the drive Spool; 
a drive train; 
a motor operably connected to the drive spool through a 

coupling, Said motor capable of operating the drive 
Spool repeatedly to cause the belt to tighten about the 
chest of the patient and loosen about the chest of the 
patient; 

a controller for controlling operation of the motor; 
a current Sensor operably connected to the motor, Said 

current Sensor adapted to Sense current drawn by the 
motor and transmit a corresponding current Signal to 
the controller; 

Said controller programmed to operate the motor and 
drive spool to take up Slack in the belt after initial 
placement of the belt on the patient's chest by rotating 
the motor in a tightening rotation until the current 
Signal provided by the current Sensor rapidly increases, 

Said controller further programmed to operate the motor 
and coupling and drive spool to cause repeated cycles 
of tightening of the belt about the chest of the patient 
and loosening of the belt about the chest of the patient. 

2. A chest compression device of claim 1 further com 
prising: 

a linear encoder Scale on the belt and an encoder Scanner 
located in apposition to the Scale, Said encoder trans 
mitting an encoder position to the controller; 

Said controller further programmed to associate the 
encoder position to the point of rapid increase in the 
current Signal during initial placement thereby defining 
a slack-limit position of the belt, and to operate the 
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motor to limit loosening of the belt during cycles to the 
Slack-limit position. 

3. A device for compressing a chest of a patient compris 
ing: 

a belt adapted to extend around the chest of the patient and 
fastened on the patient; 

a belt take up means adapted to take up the belt upon 
rotation of the belt take up means, Said belt take up 
means operably connected to the belt; 

a motor operably connected to the belt take up means 
through a coupling means, Said motor capable of oper 
ating the belt take up means repeatedly to cause the belt 
to tighten about the chest of the patient and loosen 
about the chest of the patient; 

a drive means for operably connecting the motor to the 
belt take up means, 

a controller for controlling operation of the motor; 
a means for Sensing the current drawn by the motor and 

transmitting a corresponding current Signal to the con 
troller; 

wherein Said controller is programmed to operate the 
motor and belt take up means to take up Slack in the belt 
after initial placement of the belt on the chest of the 
patient by rotating the motor in a tightening rotation 
until the current signal provided by the current Sensor 
rapidly increases, 

wherein Said controller is further programmed to operate 
the motor and the coupling means and the belt take up 
means to cause repeated cycles of tightening of the belt 
about the chest of the patient and loosening of the belt 
about the chest of the patient. 

4. A chest compression device of claim 3 further com 
prising: 

an encoder means for reading and transmitting a corre 
sponding encoder position to the controller; 

wherein Said controller is further programmed to associate 
the encoder means position to the point of rapid 
increase in the current Signal during initial placement 
thereby defining a slack-limit position of the belt, and 
to operate the motor to limit loosening of the belt 
during cycles to the Slack-limit position. 
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